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EFFECTSOF WING/ELEVONGAPSEALING

FLAPPERDOORSONORBITERELEVON

EFFECTIVENESSOF MODEL16-0 IN THENAAL

7.75 X 11-FOOTCONTINUOUSFLOWWINDTUNNEL(OAllgA)

By

R. Mennell,RockwellInternationalSpaceDivision
F

ABSTRACT

: Experimentalaerodynamicinvestigationswereconductedon a sting.

mountedO.0405-scalerepresentationof the 140A/Binnermold lineSpace

ShuttleOrbiterin the RockwellInternational7.75x ll.O0Foot Low Speed

Wind Tunnelduringthe time periodfrom June18, 1974to June 24, 1974.

The NASA designationfor this testperiodwas OAllgA.

The primarytestobjectivewas to defineIMLOrbiterelevoneffect-

ivenesswith the 6" elevon/elevonand elevon/fuselagegaps and various

configurationsof wing/elevonupperhingelinegap sealing"flapper"doors,

_)o The elevonconfigurationparametricvariationsconsistedof sealingthe

lowerhingeline to preventflow-throughand testinga longchordflapper

door,a shortchordflapperdoor,no flapperdoor (elevon/winggap upper

hingelinecompletelyopen),and a completelysealedelevonat elevonde-

flectionsfrom+20° to -40° (la = 0),

Preliminarydataanalysisindicateslossof elevoneffectivenessat

deflectionsmore negativethan-20° (consistentwith previousresults)

and littleor no effectof flapperdoor configurationon elevoneffective-

ness. Flow visualizationphotographstakenat Q - 15° for two flapper

door configurationssubstantiatedthe forcedata results.

I . ill !
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For this test period aerodynamic force and moment data were measured

| in the body axis by a 2.5-inch Task type internal strain gage balance. The

model was sting supported through the base region with a nominal angle-of-

attack range of -lO° _ = } 24° at a model angle of sideslip of S = 0°.
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NCM_CIA_
General

PLOT

SD4BOL SYMBOL DEFINITION

_: speed of sound; m/see, ft/sec

Cp CP prezsure coefficient; (Pl - Pw)/q

M MACH Ms ch number; V/a

p pre ;sure; N/m 2, psf

q Q(Nb'M) 4_,:_ic pressure; 1/2,V _, N/m2, psf
_(Ps;)

RN/L ..,_ unit Reynolds number; per m, per ft

V velocity; m/see, ft/sec

o ALPHA angle of attack, de_eea

BETA angle of sideslip, degrees

PSI .ngle of ysw, degrees

PHI angle of roll, de_'ees

p moss density; kg/m 3, sluga/ft 3

Reference & C.G. Definitions

Ab base area; m2, ft2

b BREF wing span or reference span; m, ft

e.g. center of 8zavi%y

_REF LREF reference length or wing mean

c _erodynamie chord; m, ft

S SREF wing ares or reference ares; m2, ft2

M_t' moment reference point

XMRP moment reference point on X axis

moment reference point on Y axis

ZM_P moment reference point on Z axis

CUBSCRI PTS

b b_,_e
[ local

tot,,l condition_

free stream
o free stream

L

5

REPRODUCIBILITYOF THE
ORIGINALPAGE ISPOOR

I

t

1975003963-010



NOM.F/_CLATURE(Coni:Inued)

Bod_-Axl.;Z),._tern.

PLOT

SXRBOL SYMBOL DEFINITION

CN CN normal-force co_fflcient; norm_l forceqS

CA cA u×i_.l-foree coefficient: axial forceqS

Cy CY. :ide-for-(.coefficient; side forceqS

CAB b._u-for_'0'coefflcie.:t; bn_e force
CAb qS

-%(_,_-to)/,-,:•

CAr CAF £'orobodN.xi_,lt'orcecoefficient, C;,- CAb

I" C_M, pitchin_,-moment coefficient; pitchin_ moment

Cn CYN y.wing-moment coefficient; y,_wingmomentqSb

C_ CBL rolling-moment coefficient: rolling momenti3b

Ctnbilit_-A_i S_z_em

lift

CL 'L lift coefficient|

CD CD dr:i_:_o,:fflci_:n_;qC

C-- ('I)B b_,';e-dr',J',cr_.fflelent;b,,',''ir.R
%

L'[)I. OL)F _orobody dr,,_',eorL'flci,:nt:r"O - CI_

Cy ('Y :i_u-Vor('eeo_:t'Vlcient; i_,:Vo,',,q.,

CI ([_.: i,Itc:hlI|_-mo_:r,tco_.:'fleIL'._:_It_'h!"_u_lel_t
nsL_

(" (_L_d y'_.,'Ing-m_entc_.fflui,:g_t:j'jth_,mo_en,t

_'_ C'::L rolllnE-momen% ."o_:fflcl,-_nt:roll_n_ moment

L/) T,/I) llt't-to-dr.l:ra_iO; Cr/CD

Ll_f

6

I
|
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,_. NOMENCLATURE(Concluded)
Additions to Standard List

Plot
Symbol Definition

AB fuselage base area, ft 2

ABC balance cavity area, ft 2

fuselage base axial-force coefficient adjustment
CAB

balance cavity axial-force c_.'ftctent adjustment
CABc

modelweighttareaxlal-forcecoefficient
CAT

PBC balance cavitypressure, psia

PB1,PBz,...PB8 base pressure at stations 1 through 8, respectively,
psta

LB reference body length, tn.

6a AILRON aileron deflection angle, deg.

_BF BDFLAP bodyflap deflection angle, deg.

6e ELEVON elevon deflection angle, deg.

6R RUDDER rudder deflection angle, deg.

6SB SPDBRK speedbrake deflection angle, deg.

Xcp/LB XCP/L longitudinal center of pressure location/body length

CLf CLF forebody IIft coefficient

1975003963-012



CONFIGURATIONSINVESTIGATED

The model provided for test period OA119A was an O.0405-scale re-

presentationof the 140A/B Space Shuttle Orbiter inner Mold Line Configura-

tion. The basic model was of the blended wing-body design utilizing a

double delta wing (75°/45°ALE),full span, split elevons (unswept hingeline),

a centerline vertical tail with rudder and/or speedbrake deflection capa-

bility, a canopy, a bodyflap, and an orbital maneuvering system (OMS)

mounted on the aft fuselage sidewalls adjacent to the vertical tail.

This inner mold line configuration representsthe Orbiter inner

structural "lineswith all thermal protection systems (TPS) removed. All

vehicle lines were per SD drawing VL70-000233 except as indicated (see

dimensionaldata).

During this test period several configurationsof wing/elevon upper

hingeline gap sealing "flapper" doors were evaluated. The various con-

figurationsconsisted of a long chord flapper d_or, a siiortchord flapper

door, and no flapper door. All testing was with the lower elevon hinge-

line sealed to prevent flow through from the lower wing surface to the

upper wing surface.

For this test period the following nomenclaturewas used to designate

the variou_ model components:

Component Description

B61 140AIB Inner r_Id Line Orbiter Fuselage

CII 140A/_ Canopy used on Fuselage B61

8
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CONFIGURATIONSINVESTIGATED(Concluded)

E46 140A/BElevonusedon Wing 6" elevongaps,long
chordflapperdoor W124'

140A/BElevonusedon Wing 6" elevongaps,short
E47 chordflapperdoor W124'

140A/BElevonusedon WingWI_A, 6" elevongaps,no
E48 flapperdoor,upperhingelind_ealed

E49 Sameas E48 excep*uoperhingelineunsealed

E50 Sameas E46 exceptelevonlowersurfaceleadingedge
has been"smooth,._"

E5I Sameas E_o exceptelevonlowersurfaceleadingedge has ;
been "smoB_hed"

FI2 140A/BBodyflapusedon FuselageB61

Msl 140A/BOrbitalManeuveringSystemusedon FuselageB61

Rl5 140A/BRudderusedon VerticalTailVlg

Vl9 ?40A/BInnerMold LineCenterlineVerticalTail

Wl24 140A/BInnerMold LineDoubleDeltaWing

X29 Transitiongrit locatedon Fuselagenose and all
sweptsurfaces

1975003963-014



TEST FACILITYDESCRIPTION

NorthAmericanAerodynamicsLaboratory(NAAL)7.75x ll-footWind

Tunnelis a continuousflow,closedcircuit,singlereturntunnelcapable

of speedsup to 200 miles per hour.

The testsectionis ventedto atmosphericpressureand is 7.75x II

feetwideand 12 feet long. Power is suppliedby a 1250-horsepowerna-

celle-mountedsynchronousmotor drivinga 1g-foot,seven-blade,laminated

birchpropeller.Airspeedis controlledby usinga magneticclutchto

varythe degreeof couplingbetweenthe motorand propeller. Turbulence

is minimizedby a dampingscreenand a honeycombsectionin the settling

chamberupstreamfromthe contractioncone (ratio7.53to l),
i

Testsmay be conductedusinga varietyof mountingsystems:single

strut,doublestrut,stingstrut,reflectionplane,cablesuspension,or

two-dimensionalwall. Aerodynamicdatamay be measuredby a planartype

externalbalancesystemor sting-mountedinternalbalances.An Astrodata

AutomaticDataAcquisitionSystemcollects,multiplexes,digitizes,and

recordson magnetictape 50 channelsof forceor pressuredataor both.

Data are thenreducedand plottedusing automaticdataprocessingequip-

mentand an automaticdigitalplotter.

The NAALWind Tunnelhas beenoperatingsinceJune lg43. Calibra-

tionsare availableovera wide range of testconditions.

L

lO
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DATAREDUCTION
L

The aerodynamicforceand momentdatapresentedwere measuredby the

TaskCorporation2.5-inchMK IX InternalStrainGage Balance. The data

havebeen correctedformodel base and balancechamberpressureeffects,

modelblockageinfluenceon tunneldynamicpressure,wall interference

effects,stingand balancedeflections,and modelweighttare.

The correctionsmadeto the axial-forcecoefficientwere accomplished

in the fol1__:,ngmanner:

cA - - c5CAf = _ CABC

where CA = balanceaxial forcecoefficient

CABc = _ (PBCq" Po)(___BC)

PB - P_) AB= ( (_) PB = I/8 (PBI+ PB2 +'CAB q ' ....+PB8)

CAT = model axialforce coefficientweighttare

The followingreferencedimensionsand model constantswere usedfor

reducingall aerodynamicdatato coefficientform:

FullScale ModelScale

AB Areaof modelbase, ft2 (not 0.5885
includingABC)

ABC Areaof balancecavity,ft2 0.0985

b Wingspan, in. 936.68 37.9356

II

i
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DATAREDUCTION(Concluded)

_ Wing M.A.C.,in. 474.81 19.2300

XMRP ReferenceMRP,in. aft of 841.48 34.0799
nose (X0 = 235)

ReferenceMRP,fus.sta.,in. I076.48 43.5974

ZMRP ReferenceC.G.,waterplane,in. 375.00 15.1875

LB LengthOrbiterbody, in. 1290.30 52.2572

S Wing area,ft2 2690.00 4.4123

12 ' _ !
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: TABLE I

.,, II II

iTEST; OAIIgAN_L726__ DATE :6-28-74,

TESTCONDITIONS

,..,, i|

REYNOLDSNUMBER DYNAMICPRESSURE STAGNATIONTEMPERATURE

MACHNUMBER (per foot) (pounds/_. inch) (detrees Fahrenheit)

0.26 1.85x 1061ft. lO0 Ibs/ft2 90_120°F..

BALANCEUTiLiZED: Task Cornoration 2.5" MKIX

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NF 1500 Ibs +-.25%

SF 750 Ibs -+.25%

AF 200 Ibs -+.25%

PM

RM

YM _b_s -+.25%

COMM[NTS'

13 :
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:', MODELDIMENSIONALDATA

,1

t: _ MODEL COMPONENT'. BODY - B61i i ii iii ii [

GENERALDESCRIPTION: 140 A/B inner =old line orbiter fuselage.• ,,-- n

Represents structural llnes with all theraml protection systeaus removed.

, , ,,| | i

ModelScale: 0.0405 ModelDrawing: SS-A01185

DRAWINGNUMBER VL70-000233 .

DIMENSIONS' (Innermold line dimensions) FULL SCALE MODELSCALE

Length, In. 1290.30 . 52.257

260.69 10.558
MaxWidth (xo " 1528.3), In.

MaxDepth(xo " 1464.0), In. 246.91 10.O00i ii i ii• il

FinenessRatio 4.95 4.95iii i i II

Area - Ft 2

Max.Cross-Sectional ,338.67 O.556I Hi _ | i i i H|

Planform

Wetted . ,

Bose ,,, ,

17
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TABLE Ill. - Contlnued.

MODEL COMPONENT: _.a._lOPY- C.........,ib _,,

GENERAL DESCRIPTtONI 1LIOA/B i_ter m91d line orbiter ear,nov uaed on fu,_ela_e

_I. Represents s_ructu_wl.lln_s ylth all t.hQr-ual nrot_ot1_n :y.+mmn _..._v._.

II ii • ii • i|

MODEL S_LR| O.040_ . unn_ nn_h_mn. _q-LO11_5 _ . _

DRAWING NUMBER VL70-00023_

DIMENSION: (Ianer mold llne dimen.sio rim) FULL SCALE MODEL SCALE

Length (Xo=434.6A to 578.00)(F_ glkhd) _ 8-37

Me= Width (Xo = 513.13 (Fwcl Bl_d)),Zn. 2],0.86 8.S_

Max Depth (xo = _85.00), In. ES.O0 _ 1.01_

FinenessRatio

Area

Mex Cross-Sect;onal i i _ _m,mm_,mlmD .mmmmmmm-

Plenform

Wetted , ,

Bose

18

I
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TABLEIll. - Continued.

- MODEL CO;.!PONENT: KUi:VOI" E_:_ ..... " .....

GENERAL DESCRIPTION: _ ..140 A/B lnner mold ].1_.9rbtter elevon. Unsvept

hln_eltne, dual nanel. 6" elevon/elevon and elevon/vln_ _ans. and lo_ chord flapper

door. Represents structural lines %rlth all therma ! Dro_ctton systels rP_mn_ved.

HODET.SCALE:0.O_O_ _0D_ DR_WI_O; _-AOl186

DRAWING RU_RER: _Tn.ncw_3q ,

DIMENSIONS: (Data for I of 2 sldes) FULL-SCALE MODEL SCALE

Area - Ft 2 _ n._

Span(equivalent), In. _

Inb'd equivalent chord , In. .118"(X). . _..'_9

Outb'd equivalent chord, In. --.5.5.1,9---- _-_5

Ratio movable surface chord/
total surface chord

At Inb'd equiv, chord o.21o

At Outb'd equiv, chord _ __;1._QO.-_

Sweep Back Angles, degrees

Leading Edge _ 0.00

Tatltng Edge - i0.0_6,

Hingellne o.oo

Area Moment (Normal to hinge line), Ft 3 _

!
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TABLE Ill.- Continued.

MODELCO;!PONENT: EI.,EVON F._7

GENERALDESCRIPTI_,(: I_OA/RimuaermoZd Zine..9rb._tereZevon. UnsweptblnzeZlne,

dua=,,lpanel,6'_elevon/elevonand elevon/wlnggapsaand shortchordflapperdoor used

to sealwin_/e!evon6a.E.Re_resents,,s,tructurallineswithall thermalprotection
systemsremoved.

DRAWING_UMRER: YL70-000233

DIMENSIONS: (Datafor l of 2 sides) FULL-SCALE MODELSCALr

! Area - Ft2 pln__ 0.34_
)

Span (equivalent),In. 349.20 lh.lb,__.._

Inb'dequivalentchord , In. 118.00 _.779,

Outb'dequivalentchord, In. 55.1q .

Ratiomovablesurfacechord/
totalsurfacechord

At Inb'dequiv,chord 0.21q 9.2_0

At Outb'd equiv, chord O.kO_ 9,._)0

SweepBack AngIes,degrees

LeadingEdge 0.00 _ 9.oo

TallingEdge - lO.O56 _. - lo.o56

Hin_ellne 0.00 _ 0,00

AreaMoment (Normalto hingeline) Ft3 _

i

k v _° , i , ..... i
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IAI3LEIII. - Contlnued,

IqOOELCOMPONENT: _r.Won - _ ..........

GENERALDESCRIPTION:_,_A/. 4..._ ..,_ _4.. _,,,h4._,- mlevnn, n_i_t htnnllae , d_l

nAn_l: I_" mlmy_nn/mlmvnn An_ elmvnn/Irlln__ mL__a lifl_Y.h !1o flmOlDe]L" 140OF. UD1D_Z" elevoo

htnem14nm 41 _qmmled 1"1._h t__ vln_ ml_lPmem, l:lmnrmsmnts mtruetuml ltXmS vtth &11

&hermal protection systems removed.
l_nl_Jr. _aT._.: n.o_ MDn_T_ DRAI_rI_.: $8-A01185

DRAWINGNI,_BER: _.Tn.nnn_9_

D|KENS]ONS_ FULL-SCALE HOOELSCAL_

Area _c2- _ , o._

Span (equivalent) , In. 3_9.20 lk.lk3

lnb'd equivalent chord, In. _TS.00 ;.779

Outb'd equ|va]ent chord, In. 55.1_ . 2.2_5

Ratio movable surface chord/
tota] surface chord

At lnb'd equiv, chord 0.210 0.210

_( Outb'd equiv, chord O.k4_) 9.1_X)

SweepBack Angles, degrees
w

Leading Edge 0.00 0,00

Ta_11ngEdge -_ -_._

Xingel_ne ___

Area Homent(Norma] to hinge ]_ne_ Ft 3 1_;_T.2_ 0:105_

2]
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TABLE Ill. Continued.

MODEL CO;'PONENT: _T_.vnN _'9 ...............

GENERAL DESCRIPTIO;;: Z.40A/BInner mold line orblter e].evon. Uns_.pt h!ngellne,

dual panel, and 6" elevon/elevcnand elevon/wlng gaps. Upper elevon hlngellne
is un_ealed and no flapper door zs used. Represents strucl_ural lines wit_ all
thermml protection system_ removed.

MODEL SCALE: 0.0_05 MODEL DRAWING: SS-AOII8_

DRAWING r;UYBER: VL70-000233

DIMENSIOt_S: (Data for 1 of 2 sides) FULL-SCALE MODEL SCALr

Area " Ft2 _ o,)4b

Span (equivalent), In. 3_+9._0_ i_.14}

Inb'd equivalent chord, In. _lO.O0 . _'779

Outb'd equivalent chord, In. 55.1.# _2.239

Ratio movable surface chord/
total surface chord

At Inb'd equiv, chord 0.210 0.210i |, J

At Outb'd equiv, chord O.b<X) O.bO0

Sweep Back Angles, degrees

Leading Edge _ ___

Talling Edge _

Hingeltne o.oo

Area Moment (Normal to hinge line),]rt 3 ].587.25

22
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TABLEIll. - Continued.

/

[;
MODELCO;.IPONENT:

GENERALDESCRIPTION:-_-_-_X-J_t.__lk_.;_IZt_Q_line,
dual penel, 6" elevon/elevon and elevon/wi_ geps a_ long chord flapper door,

y in
the Lover _rlng contour at large ne_tive elevon deflections. Represents structural
;.Ineswithall the

MODELSCALE: O.040_ MOD_r.DRAWING:SS-AOIIS___

DRAWINGRUMBER:

DIMENSIONS: FULL-SCALE MODELSCALE

Area - Ft2 _ 0._

Span (equivalent),In. 349.20 14.143

Inb'd equivalent chord, In. 118.00 _.779

Outb'd equivalent chord , Iu. 55.19 2.235

Ratio movable surface chord/
totalsurfacechord

At Inb'dequiv,chord o.21o o.2zo

At Outb'dequiv,chord 0.400 0.400

SweepBackAngles,degrees

LeadingEdge 0.00 0.0o

Tat]ing Edge - lo.o56

Hingellne 0.00 o._o ....

Area Moment(_rmal to hinge11ne_Ft3 1587.25

23 _'
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TABLE III. - Continued.
<

J

MODEl.CO;-!PONEtlT: _LEVON- E_l

GENERAL DESCRIPTI0_I: 140A/B inner mold llne orbiter elevon. Unswept hinRel±ne, dual

panel, 6" elevon/elevonand elevon/%rlng gaps and no flapper door used. Upper elevon

hlngeline is unsealed; and lower elevon hi_elII1e h_s been smoothed to prev,.nt any

_seontlnuity in the lo_r wing contour at large negative elevon deflections. Represents
structural lines with all thermal protection systems remove4.

MODEL SCALE: 0.0405 MODEL DRAWING: SSAOII8_

DRAWlNG I% .8ER: VT.,70-00023._,

DIFIENSIONS: FULL-SCALE MODEL SCALE

Area - Ft2 _ O.R4 4

Span (equivalent), In. __ 1_.1_3

Inb'd equivalent chord , In. ]l_.C_-l h-779

Outb'd equivalent chord, In. 55.19 . _

Ratio movable surface chord/
total surface chord

At Inb'd equiv, chord 0.210

At Outb'd equiv, chord 0.400 0.400

Sweep Back Angles, degrees

Leading Edge _ n c_9 _:_,

Tailing Edge - i0.056 .... -J,O._Q.%fz__

Hingeline 0.00 0;00

Area Moment (Normal to hinge line), Ft3 iS_ _!05_

24 !
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TABLE iii. " .....- bUil [, I IIU_U.

.L MODEL COMPONENT: BODYFLAP F12
J [ I II i

GENERAL DESCRIPTION: 14OA/B inner mold line orbiter bod_ flap used On

f_s_l_e B_l. Re nrp_nt_ _#.*,,_.n*-al 14nDq _l �$�€�=11t.h_l-mA1 n_-n_._rt.4nn

. s,ystems removed.

MODe,T,SCALE: O.OhO_ MODEL DRAWING: SS-AOII8_ ,

DRAWlNG NUMBER VIvO-O002_

DIMENSION: _ Inner mold llr_ dt.Lenstons) FULL SCALE MODEL SCALE

Length , In. 81.00 _.2_)

Max Width , In. 2_.00 iO.530

Max Depth , In. 21.20 0.8_

Fineness Ratio

Area - Ft 2

Max Cross-Sectional

Planform 135.00 0.2214

Wetted

Bose hl.Qo o .06Q

25 ,_
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TABLE III. - Continued.

MODEL COMPONENT: ..ORBITALMANEUVERING SYSTEM - M_I

GENERAL DESCRIPTION: 1L_O_/Bi_er mo.Zd1.ine 0tCS pods used on fu_ela;e__.

Renresents str,_et.lJmlIine. _r_t_h_II thermal protectlon systems removed.

m,, l m , _ ,,

MC}Dk_T. SCAT.R._ h.h_O% MhI_V,T,T)RAWTNC, Nh. : ,S_-P(_l 1_ : .

DRAWlNG NUMBER VL70-000233

: DIMENSION: (In_e'I" mold line dimensions) FULL SCALE MODEL SCALEm I I _[

Length (Fwd SCa @ Xo =1207.00),In. 304.00 12.312

Ma_( Width ()Co -- 1450.OO), In. ._4.,50 _.827 -

Max Depth 109.00 4.kl_

Fineness Ratio

Area

Max Cross-Sectional

Planform
J

Wetted

Base 19,_8 .0.O_

26
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TABLEIII.- Continued.

- MODELCOMPONENT: RUDDER- RI_ii

GENERAL DESCRIPTIOn(: ZLW)A/B lm_er mold l_J_e rudder used qn vertleal t_Lll

Vlq: Represents _tructural lines wlth all thermal protection s_stems removed.

MODEL SCAI_. O.O_R Monl_IF,I"}RAI,,,"I'WO,:SS-AC)llRq

DRAWING_UMRER: in_77_r_,_o_

DIMENSIONS: FULL-SCALE MODEL SCALE

Area - Ft2 _ 4,056

Span (equivalent),In. _ _.14_

Inb'd equivalent chord , In. 91.59 3.709

Outb'dequivalentchord , In. 50.83 2.059

Ratiomovablesurfacechord/
totalsurfacechord

At Inb'dequiv,chord 0.400 o._wzx)

At Outb'dequiv,chord . O._X) Q._OO

SweepBackAngles,degrees

LeadingEdge 34.830 _.8_ I I

TailingEdge 26.250

Hingeline 34.8_0 R_._

Area Moment(Normalto hinge line),Ft3 _

27 _
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TABLE III. - Continued.

MODEL COMPONENT: VERTICAL - V -t
_9

GEI_ DESCRII_ON: I_A/B inner mnld llnp eent_rl4._ v_t1_- ! t-i!

:{epresents structnr8] linen %r_th All #.hew._l nrn%e_£_n_ RVR+.mS _mOV_]..-

MODEL SCAI_. O_Q_5___ MnqE3".nR_'_'n. ._q._01_187 .__

MOD£I SCALE: ____

DRAWING NUMBER: VLTO-OOO233

FULL SCALE MODEL SCALEDIMENSIONS:

TOTAL DAT_

i_rea(Theo) - Ft2

Span (Theo) - In. _ I_.787
A_pect Ratio l.gT_ ., 1-g75----
Rateof_per o._9 ___
Taper Ratio O._O_ ______ _
Sweep-Back Angles_ Degrees.

Le_ding Edge _ _,__,_QQ..__
Trailing Edge _ 2_._n
0.25 Element Line _

Chord_:

Root(Theo);_? _ TO.R71,
Tip (Theo)'4P __.i_ &-393

_,C _ _59.2_Fus. Sta. of .25 Iv_C
W.P. of .25 MAC 635,52 25.7R8
B.L. of .25 MAC 0.OO 0.OO

A_rfoil Sect[on
I_adin6 Wedge :,r_le- Deg. i0.00 i0.000 .
Trailinz Wedge Anble - Deg. _ ___Q__
leading Edge I%%diu,; _

Void Area 13.17 0.Q2_.___,

Blanketed Area _ O.OO _.
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TABLE III. - Continued.

MODEL =O_O_T: WING-W__h

!_.RA. DESCR:OTION:]_I_)A/B _m_er mold li_ orbiter double delta vln=. l_I18ent-

J i m II1 I ii m I I

_n_. S_T_ O,OIFO5 _ DR.4k_C Ira. e SS-AOll_

DIMENSIONS: FULL-SCALE, MODELSCALE

TOTALDATA
Area t;neD,) FtZ

°lanform _
SDa, ;T:-'_oIn. _
_spectRatio _
Rateof Taper
Tape_ Ratio _
DihedralAngle,degrees _,_n , _._nn
:nc:denceAngle, degrees n_=z_n n.Rnn
Aerodynamic Twist degrees _.ooo
SweepBack Angles:degrees

Leading Edge _._o _J_
TrailingEdge _ :.In.n_
O,Z5 E1emenl;Line _.

Chords:

1 ! ROD1;(Theo) B,P.O.O. _Tip, {Theo) B.P, l_._
MAC _7_.8_

, FuS, Sta. of .ZS MAC
_W W.P. of ._ MAC _ 11-_

!' ,-,c EXPOSEDB'L°DATAOf.Z5 MAC , _ ., 7._7K

, : _o) _z _7_._ _._
I = Span, (Theo) In, BPI08 -r_n.6._ _o._Pu_

Aspect Ratio __.- Taper Ratio
, " Chords

_, ._ Root BPI08 _ 22.?65
r-, "= T'Ip 1,00 b _-_.n_ _._F_

:_ =- MAC "_ _ __.a_n
Vus.Sta. of .2SMAC _
W,P. of .25 MAC _
B.L. of ,Z5 MAC _;_._ .j_

Airfoil Section (Roclm11ModI_A)
xxxx-54

Root b • _ xxxx-6_
T

Tip b , • _
&,

O_ta for (1) of (2) Sides
',,ead_ng Edge Cuff
PlanrormArea _t_ _

Leading Edge In_ersects Fus M, t. I Sta _ _
_ea_(ng F_ge Intersects Wing e Se,a _ _ ,

29 i
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TABLE Ill. - Concluded.

MODEL COMPONENT: TRANSITION GRIT - X29

GENERAL DESCRIPTION: Grit composed of glass beads located aft of model nose

wing and vertical tail to provide forced boundary layer transition.

Dimensions are in the streamwise direction aft of the local leading edge.

MODEL SCALE: 0.0405

DRAWING NO.: None

DIMENSIONS:

Grit diameter - In.

Fuselage 0.0054

Swept surfaces O.0076

Strip width - In. O.10

Location aft of leadin_ edge - In. i.OO

3O
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Rudder and

Speed Brake
Deflect ions

__ dSB

"-4
6eL -6eR

_a = 2

_eL+dC R
_e 2

Aileron _ Elevon Deflections

F ,L

Body Flap Deflections

b. Stgn Convention for Control Surfaces

'Ftgure 1. - Concluded.
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°

a Rear View, NAAL Installation Configuration [561 Cll M51 FI2 W124 E46
VI9 R15 X29

J

b Side View, Left Wiml, Short Flapper Door Conf , ion E47

Figure 3 - Model photographs

36
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mB •

c. Side View, Left Wing, Elevon/Wing Gap Open Configuration E49

d. Side View, Left Wing, Long Flapper Door Configuration E46

Figure 3. - Continued.
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,I

e. Rear View, Right Wing, Flow Visualization of Elevon/Wing Gap Open
Co,,figuration E51

f. Rear View, Right Wing, Flow Visualization of Completely Sealed
Configuration E48

Figure 3. - Concluded.
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